The aim of this study was to cluster the provinces based on the Food Consumption Patterns (FCP) of the Women of Reproductive Age (WRA). This study used secondary data from the 2014 Indonesia Total Diet Study conducted by the Ministry of Health Indonesia. The final subjects included 40.954 healthy WRA aged 15-49 years old. FCP was calculated based on energy adequacy of WRA of nine major food groups for each province. The hierarchical clustering with Ward's method was applied to cluster the FCP of WRA. The results showed that three clusters of FCP were found. The first cluster was characterized by higher intake of cereals and animal foods, but lower intake of tubers, vegetables, and fruits, which implies a high risk of vitamin B6 and C deficiencies. The second cluster was characterized by higher intake of pulses, oil and fat, oily seeds, and sugar, but lower intake of vegetables and fruits as well as animal source foods, which implies high risk in vitamin B1, B3, and B12 deficiencies and overweight. The third cluster was characterized by higher intake of tubers, fruits, and vegetables but lower intake of animal sources foods, pulses, added fat and oily seeds, which implies a high risk in animal protein, fat, calcium, iron, vitamin B2, and folic acid deficiencies.
INTRODUCTION
Women of Reproductive Age (WRA) are one of the important target groups in nutrition improvement and fulfillment before and during pregnancy (Lassi et al. 2015; Branca et al. 2015) . According to the reports of Indonesia Basic Health Research in 2013, 37% of pregnant women and 23% of WRA had anemia. In addition, more than 20% of pregnant women and WRA are at high risk of chronic energy deficiency (MoH 2013) . Total Diet Study also reported that more than 80% of pregnant women and WRA had inadequate energy intakes and more than 50% of them had inadequate protein intake (MoH 2014) .
Previous studies revealed that Food Consumption Patterns (FCP) of Indonesian WRA were less diverse and low in quality, which were indicated by the high intake of cereals but low intake of animal source foods, vegetables, and fruits (Rahmawati 2015; Perdana 2014) . Where as dietary pattern diversity reflects nutrition quality of the diet which affects nutritional status (Hardinsyah 2007) .
The FCP of Indonesian varies among regions and ethnicities which influenced by culture, belief, religion, and socio-economic status (Situngkir 2015; Hines 2013; Civitello 2011) . Thus cluster studies allowing for the classification of diverse FCP of Indonesian WRA could help nutrition program managers and policy makers in identifying the appropriate interventions for food and nutrition development of WRA (MoH 2016; FAO 2006) . The presence of national food consumption data with total diet approach could possibly be examined for this study. Therefore, this study aimed to cluster the provinces with relatively similar FCP into several clusters and analyze WRA's nutritional adequacy levels according to the clusters.
METHODS

Design and subjects
This study used the data from the TDS in 2014, which was one of national individual food intake surveys conducted by National Institute of Health Research and Development, Ministry of Humayrah et al.
Health, Republic of Indonesia (NIHRD-MoHRI) using cross-sectional design. The inclusion criterion of this research subjects was WRA aged 15-49 years with healthy condition (subject perception). After exclusion and data cleaning (food item consumed ≤2 types and energy intake >400% energy adequacy level), thus final subjects was 40,954 (98.50%).
Data collection
Individual Food Consumption Survey (IFCS) part of TDS was the first national-scale survey in Indonesia that collected individual consumption data completely. This survey was held by NIHRD-MoHRI and conducted in collaboration with various universities, Statistics Indonesia, Provincial, and District Health Offices, and technically assisted by the World Health Organization (WHO) and Institute Life Science International (ILSI). The implementation of IFCS is fully funded by the Government of Indonesia. IFCS had study sites in all provinces of Indonesia with 162,044 subjects from 46,238 households in 2,072 census blocks. In each census block, there were 25 chosen households. All the members in the household were interviewed and measured for the body weight, that was done by the trained nutrition personals.
The main data of this study were obtained from NIHRD-MoHRI in the form of electronic files which consisted of subject code, health status, physiological conditions, marital status, employment status, education, economic quintiles, food code, food types, and total food intake in grams. The 24-hours recall with 5-step multiple passes was applied for the food consumption data collection and it was validated with the repeated recall in 10 percents of sub-sample on the nonconsecutive days. Repeated measurements on this non-consecutive day were intended to observe if there were any food variations between days.
Data analysis
The entire data processing and analysis used 2007 Microsoft Excel and IBM SPSS version 22. The daily energy adequacy was used as the input value in the analysis. This approach was the most commonly used in clustering study to cluster FCP (Bailey et al. 2006) . The energy content of foods was processed into energy adequacy as a percentage and then classified into nine food groups, i.e. cereals, tubers, animal source foods, oil and fat, oily fruits and seeds, pulses, sugar, fruits and vegetables, and others. The energy adequacy of each subject was aggregated into province level as the final input for the analysis.
The cluster analysis technique chosen was Hierarchical Clustering Ward's Method (HCWM) with the agglomerative concept. This clustering method is suitable for the data that have high heterogeneity (Latifa 2016; Babu et al. 2014; Everitt et al. 2011) . This HCWM produced the province clustering in the form of dendrogram that showed the possibility of several numbers of clusters. Selection of the best number of clusters was validated by the ratio of standard deviation within clusters (Sw) to standard deviation between clusters (Sb) (Mattjik & Sumertajaya 2011; Santoso 2010) .
After the number of the best cluster was obtained, the characteristic type of each cluster was described through the comparison of mean intake of food groups (g/individual/day) between clusters. Then, the Kruskal Wallis and Mann Whitney tests were performed to identify differences in mean intake of food groups between clusters. The position of food groups domination among each cluster was visualized by Biplot. In addition, the nutrient intake levels of the subjects and the top three food sources of macro-and micronutrients in each cluster were also analyzed descriptively.
The macronutrient content of each food was calculated based on Indonesian Food Composition Table from Indonesian Nutrition Association (Persagi 2013) , while some of the micronutrients such as calcium, iron, zinc, vitamin C, B1, B2, B3, B6, folate, B12, and A were completed from borrowed FCT at http:// fao.org/infoods (FAO 2013) . The borrowed FCT considered the genetic relationship (species, family, or genus food's name) and water contents. The nutrients content of food products were taken from nutrition facts on the packaging that converted into 100 g edible portion.
The adequacy of macronutrients was calculated from daily intakes of each nutrient compared to individual nutrient requirements. The energy adequacy formula used Henry Equation (Henry 2005) while protein, carbohydrate, and fat adequacy were based on Hardinsyah et al. (2012) . Since there were no individual requirements of vitamins and minerals, their adequacies used the approach from The Reference Nutrient Intake (RNI) by WHO/FAO (2004) . The categories of adequacy level for macronutrients were based on Ministry of Health Indonesia (2014) while for micronutrients were based on Gibson (2005) .
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RESULTS AND DISCUSSION
Province clustering
The total number of three cluster was considered best number as indicated by the ratio of standard deviation within clusters (Sw) to standard deviation between clusters (Sb) calculation. A group of provinces in each cluster formed an adjacent region. The Cluster-1 was in the western region of Indonesia while Cluster-2 tend to be in the middle-south region, and Cluster-3 was in the eastern region of Indonesia (Figure 1 ). The Cluster-1 group had the largest member of provinces, consisting of Aceh, North Sumatera, West Sumatera, Riau, Jambi, Riau Islands, Bengkulu, South Sumatera, Lampung, West Kalimantan, South Kalimantan, Central Kalimantan, East Kalimantan, West Sulawesi, South Sulawesi, Central Sulawesi, Southeast Sulawesi, Gorontalo, West Nusa Tenggara, and Bali. The Cluster-2 group consisted of Banten, Special Region of Yogyakarta, Special Capital Region of Jakarta, West Java, Central Java, East Java, and Bangka Belitung Islands. The eastern region of Indonesia formed Cluster-3, consisting of North Sulawesi, Maluku, North Maluku, West Papua, Papua, and East Nusa Tenggara.
Based on the socio-demographic distribution, most of the subjects in the three clusters were 30-49 years old (>60%), in nonpregnancy (>95%), married (>70%), graduated from primary (>40%) and junior high school (>50%). Most of the subjects in clusters 1 and 2 were unemployed (include homemaker), while the majority of subjects in cluster-3 were working women. Most of the subjects (50%) in clusters 1 and 3 belonged to a large family, while the majority of subjects in cluster-2 (>55%) belonged to the small family. Subjects living in rural areas in cluster-3 was higher (70%) than subjects in clusters 1 and 2. WRA in the provinces in cluster-3 tended to be more socially and economically disadvantaged than the other two clusters. This was inline with Dachlan and Suhab (2014) study which explained that most of the provinces in cluster 3 were located in Eastern Region of Indonesia (ERI).
According to Dachlan and Suhab (2014) , Indonesia is divided into two regions consisting of Eastern Region of Indonesia (ERI) and Western Region of Indonesia (WRI). The ERI is a less developed region characterized by to the WRI. Even most of the poor provinces in Indonesia are mostly found in this region. This position has hardly changed significantly in the last 30 years. This backwardness is influenced by many factors, such as the lack of basic infrastructure, the low quality of human resources, education, and health, as well as poor regional connectivity, which trigger the soaring of the logistic cost that leads to low quality of life.
Food consumption patterns
The energy adequacy is fundamental food functions for overall body activities of human metabolism (Hargrove 2006) . Therefore, the Food Consumption Patterns (FCP) of WRA were clustered based on individual percentage of energy intake and described in daily quantity (g) of each food per capita between three clusters (Tabel 1). The FCP of WRA in Cluster-1 are dominated by cereals and animal source food groups compared to Clusters-2 and 3 (Table 1) . WRA in Cluster-2 tended to have higher intakes of oil and fat, oily seeds, pulses, and other foods than the other two clusters. Meanwhile, WRA in Cluster-3 had the highest intakes of tubers, fruits and vegetables compared to Clusters-1 and 2.
The results of this study were in line with the study of Prihatini and Jahari (2010) , which showed that almost all of the provinces in Cluster-1 had the calorie intake from animal source foods and cereals exceeding the national level. Meawnhile, Indonesian Ministry of Agriculture (2016) reported that the trend of intakes of tubers, fruits and vegetables in 2009-2015 among provinces in Cluster-3 was higher than the other provinces from Cluster-1 and 2. Food Security Agency of Republic of Indonesia (MoA 2015) has established a distinct FCP indicator for ERI, because intake of tubers as staple food subtitute in this region contributes to 9-30% of the Recommended Dietary Allowance (RDA) for energy is higher compared to 6% at the ideal level and 2% at the national average level.
Meanwhile, high intake of pulses in Cluster-2 compared to Clusters-1 and 3 was consistent with the previous studies. According to Cahyaningsih (2008) , Central Java Province was a province that has a higher percentage of protein intake from pulses (i.e. tempe and tofu) than animal source foods. Intake of pulses in people of East Java and Central Java is the second highest among other provinces in Indonesia from 2009 to 2015 (MoA 2016). Then, the Province of Bangka-Belitung had the largest number of Javanese migrants and a significant number of Chinese ethnics who had lived for generations (Mulyana & Zubair 2015; Arifin et al. 2015) . Both of tempe and tofu were popular food for most of Javanese and Chinese because they were cheap and nutritious (Ren et al. 2011; Shurtleff & Aoyagi 2011; Purwadaria et al. 2016 ).
Furthermore, the description regarding intakes of nine food groups was visualized according to each cluster region using biplot. Biplot can describe characteristics of each cluster group and the association between the food groups according to the position of cluster region ( Figure 2 ). The biplot graph shows that the three
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Cluster- Food consumption clustering among women in reproductive age cluster regions have different spatial dimension and vector direction with the position of each group that is far and opposite each other, thereby the three groups have a clearer distinction to each other. Besides that, biplot visualization also shows the formation of three spaces of most prominent food groups as the main characteristics in each cluster region. The main characteristics are as follows: cereals and animal source foods in Cluster-1 region; pulses, oil and fat, oily seeds, and other foods in Cluster-2 region; tubers, fruits, and vegetables in Cluster-3 region.
The three distinct features of the food are generally far apart (forming an obtuse angle) with each other with different vector directions. It means that the tendency of intake among these food groups is clearly different from each other. Tubers, as well as fruits and vegetables, have obtuse angles and vector directions opposite to sugar, pulses, oil and fat, oily seeds, cereals and animal source foods. It implies that the intakes of these food groups have negative associations. The lower the intake of tubers, fruits and vegetables, the higher the intake of sugar, pulses, oil and fat, oily seeds, cereals as well as animal source food. It indicates that the balance of intake proportion of each food group needs to be considered to minimize the dominance of one or certain food groups. Meanwhile, intake of cereals and animal source foods form acute angles (<90 0 ) with pulses, fat and oil, oily seeds and other food groups with parallel vector directions, which means that the intakes of these food groups have a similar tendency; i.e. the high intake of cereals and animal source foods is in line with the high intake of these food groups. It also means that intakes of pulses, fat and oil, oily seeds, and other food groups complement the intakes of cereals and animal source foods. Table 2 presents the description of nutrient intake and adequacy level of the foods consumed by the subjects every day among WRA in three clusters. Energy, protein, and carbohydrate intakes in the three clusters had reached a normal adequacy level (≥90%). Fat intake in Clusters-1 and 2 belonged to the normal category, while the one in Cluster-3 belonged to extremely inadequate category (<70%).
Nutrient intake and adequacy
Micronutrients such as calcium, zinc, vitamin B1, vitamin B2, vitamin B6, and folate were a potential problem nutrient (≤77% of RDA) in the three clusters. Vitamin C only reached normal adequacy withiin Cluster-3. In contrast, iron intake was adequate among WRA in Clusters-1 and 2. As described in Table 3 , inadequacy of micronutrients were potentially due to low intake of the food sources containing the micronutrients.
WRA in Cluster-3 had the largest number of nutrients below normal adequacies compared to Clusters-1 and 2. Calcium, vitamin C, vitamin B1, B2, B6, and folic acid could not meet the normal adequacies of the subjects in Clusters-1 and 2. Meanwhile, WRA in Cluster-3 only met the normal adequacies of energy, protein, carbohydrates, zinc, vitamin A, B3, and B12. Humayrah et al.
Nutritional characteristic types of each cluster
Cluster-1. Based on Tables 2 and 3, it could be concluded that WRA in Cluster-1 had high intake of cereals and animal source foods characteristics. The high intake of cereals was in line with the high intake of energy, carbohydrates, and zinc. Intake of animal source foods in this cluster was also in line with the adequacy of protein, fat, iron, vitamin A, vitamin B3, and vitamin B12 intakes.
Subjects in this cluster had the lowest intake of vitamin C and vitamin B6 than other clusters. Their main sources of vitamin B6 derived from pulses, cereals, fruits, and vegetables. However, cereals became the highest vitamin B6 contributor food in this cluster that only reached approximately 20% of daily adequacy, while others food only reached less than 10% of adequacy (Table 3) . This result was similar to vitamin C intake, in which the Food consumption clustering among women in reproductive age WRA's intake of fruits and vegetables in this cluster was in the second order (Table 3) but the amount consumed was not much different from Cluster-2. In addition, intake of tubers was the lowest compared to another cluster, even though tubers were the food sources of vitamin C. Calcium, vitamin B1, B2, and folic acid adequacies in Cluster-1 went into second place (Table 3 ) but still did not reach the normal adequacies. Total portion of food source intake that could fulfill the adequacy of these nutrients was low in this cluster. Animal source foods, pulses, green leavy vegetables, or fruits were rich in vitamin B-complex and calcium, but the highest food sources could only meet less than 20% of the daily requirements (Table 2) .
Cluster-2. Intake of pulses, fat and oil, oily seeds, sugar, and others food in the WRA in Cluster-2 were the highest. WRA's intake of animal source foods in this cluster was the lowest compared to the other two clusters, but iron and zinc intakes in Cluster-2 could be complemented by the intake of soybean and products (Tables 1, 2, and 3). Soybean and products were the sources of iron and calcium only for WRA in Cluster-2. Whereas, soybean are food rich in iron and calcium that can be considered as milk substitute (Mazumder & Begum 2016; Haron et al. 2010) . Besides that, the high intake of oil, fat and oily seeds were in line with fat intake, thereby the percentage of fat adequacy in this cluster was the highest compared to the other two clusters. Cooking oil contributed more than 40% of fat adequacy (Tables 2 and 3) .
Meanwhile, folate adequacy in this cluster was in the first place but still below the normal adequacy, because the highest food sources of folate only reached approximately 10% of adequacy that was contributed by flour and products. In addition, fruits and vegetables intakes were the lowest compared to the other two clusters ( Table 1) . The low intake of fruits and vegetables also had an impact on the inadequacy of vitamin C, B1, B2, and B6 intakes in this cluster (Tables  1 and 3) . Then, intake of animal source foods in this cluster was the lowest, along with the low intake of vitamin B3 and B12 (Tables 1 and 3) . The contribution of animal source foods (fishes) to vitamin B3 in this cluster was the lowest compared to Clusters-1 and 3 (Table 2) .
Cluster-3. Calcium, iron, vitamin B2, and folate adequacies were the lowest in WRA in Cluster-3 because the highest food sources of these nutrients could only fulfill less than 20% of the daily requirements ( Table 2 ). Besides that, WRA's intake of pulses in this cluster was the lowest compared to other clusters (Table  1) , whereas pulses such as soybean and its processed products could also complement the daily requirements of calcium, iron, vitamin B2 and folate as in Clusters-1 and 2. Soybean and its processed products were not included as the three highest food sources of these nutrients.
Meanwhile, this cluster had the highest percentage of vitamin C, B1, and B6 adequacies than other clusters, although not reaching the normal adequacies (Table 2 ). The high intake of tubers, fruits, and vegetables also contributed approximately 15-50% of daily adequacies of vitamin C, B1, and B6 in this cluster. In addition, tubers were also the highest vitamin A contributor ( Table 3 ). The intake of tubers in this cluster also contributed more than 15% of carbohydrate adequacy, and it was the highest contribution compared to the other two clusters after cereals such as rice and corn (Tables 2 and 3) .
Animal source foods consumed by WRA in Cluster-3 were dominated by fishes, which were also the main food sources of protein (Tables 1  and 2 ). The high intake of fishes also affected the high adequacy of vitamin B3 and B12 in this cluster ( Table 2) . On the other hand, WRA's fat adequacy percentage in this cluster was the lowest compared to Clusters-1 and 2 because cooking oil as the highest source of fat only contributed for about 20% of the daily fat adequacy, while other sources of fat were derived from plantbased foods (cereals) that only contributed to less than 10% of daily fat adequacy. Animal source foods such as fishes were not the fat source in this cluster (Tables 2 and 3) .
Overall, the results of this study showed that FCP of WRA in the three clusters were still dominated by staple foods such as cereals, oil, and fat. Energy contribution among WRA in three clusters are from cereals (rice and corn) while most of other energy food sources were contributed by cooking oil and fortified cereals (wheat flour such as noodles). Beside that, the highest source of fat and vitamin A in three clusters derived from cooking oil ( Table 3 ). The staple foods of WRA in three clusters were high in calorie but low in other nutrients, thereby these foods could not guarantee the adequacies of all nutrients, especially micronutrients. Staple food intake needs to be balanced with intake of various other nutrient-dense foods such as animal source foods, tubers, fruits, and vegetables.
Based on this study, cooking oil was the highest vitamin A contributor in clusters 1 and 2 while was the second contributor in cluster-3. In cluster-2, the cooking oil even contributed for Humayrah et al. more than 70% of vitamin A adequacy (Table 3) . The high adequacy of vitamin A from cooking oil was related to food fortification program in Indonesia, as an effort to overcome the deficiency of vitamin A (Martianto 2012; Hariyadi 2011) . However, it should be considered that cooking oil also contributes to a high fat intake which could caused to obesity. Therefore, the subjects should not only rely on the cooking oil to fulfill the daily requirement of vitamin A but also from high fiber and others vitamins A rich-foods. For example, WRA in Cluster-3 was able to fulfill their daily requirements of vitamin A from tubers.
Meta-analysis study on obese adult subjects by Stelmach-Mardas et al. (2016) indicated that low-calorie foods such as fruits and vegetables could decrease body weight because they could provide a longer satiety effect than high-calorie foods. In addition, Zheng et al. (2016) showed that portion size and types of foods determined the calorie intake and implicated the incidence of obesity among adults in Australia. High calorie foods consumed in large portions were slow satiated, thereby causing excess calorie intake.
This study also showed that the foods contributing to vitamin and mineral adequacies were more varied in types than the ones contributing to macronutrient adequacy (Table  3 ). This finding also showed that micronutrient source foods were consumed only by less than 30% of subjects. It was due to the types of macronutrient rich food that were the staple foods, commonly consumed in large quantities by WRA. While food sources of micronutrients consumed were as the complementary of staple foods or as a snack. These results were also in agreement with the previous studies indicating that food intake of Indonesian WRA was still dominated by staple food, thereby shifting the intake of other food groups (Rahmawati et al. 2015; Perdana et al. 2014) .
FAO (2012) has introduced and promoted the concept of sustainable dietary patterns associated with food biodiversity in accordance with the carrying capacity of the region. According to Caspia et al. (2012) and Kearney (2010) , FCP of the population reflects the food availability and affordability in the region. Tucker (2010) said that the clustering study which was a part of FCP research that has great potential for use in nutrition policy. The result of this study is an approach to understand the similarity of dietary pattern characteristics of WRA in three types of regions in Indonesia. Through the understanding, the potential of food that can support the nutrient adequacies of WRA in the region can be identified, so that it becomes a consideration in the food and nutrition programs.
CONCLUSION
There are three clusters of FCP of WRA in Indonesia. The first type was FCP with high intake of cereals and animal source foods but low intake of pulses, tubers, as well as fruits, and vegetables. The second type was FCP with high intake of pulses, oil and fat, oily seeds, sugar, and other foods but low intake of animal source foods, fruits, and vegetables. The third type was FCP with high intake of tubers, fruits, and vegetables but low intake of animal source foods, pulses, oil and fat, as well as oily seeds.
In order to improve the nutrient adequacy of WRA, this study suggests that WRA in Cluster-1 to increase intake of pulses, tubers, fruits, and vegetables to prevent vitamin B6 and C deficiencies. Then, WRA in Cluster-2 should be aware of the risks of excess fat from high-fat foods, and proposed to increase intake of animal source foods, fruits, and vegetables to reduce the risk of vitamin B1, B3, and B12 deficiencies. While for WRA in Cluster-3 should increase intake of high-quality animal source foods and pulses to prevent fat, calcium, iron, vitamin B2 and folate deficiencies. This study can be considered by the food and nutrition policy makers to arrange food consumption recommendations based on the type of regional FCP as well as the adequacy of nutrients which not only focuses on macronutrients but also prioritized on the micronutrients source foods.
